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SUMMARY 
A l abo ra to ry  expe r imen t  was conducted to de termine  the  effects of varia- 
t i o n s  i n  t h e  ra te  and  magni tude  of  sound leve l  f luc tua t ions  on  the  annoyance  
caused   by   a i rc raf t - f lyover   no ise .   The  efeects o f  t o n a l  c o n t e n t ,  n o i s e  d u r a t i o n ,  
and  sound pressure  level  on annoyance were also s tudied .  The  basic test s t i m u l i  
c o n s i s t e d  of 32 s y n t h e s i z e d  a i r c r a f t - f l y o v e r  n o i s e  s t i m u l i  r e p r e s e n t i n g  t h e  
f a c t o r i a l  c o m b i n a t i o n s  o f  2 t o n e  c o n d i t i o n s ,  2 n o i s e  d u r a t i o n s ,  2 sound pressure  
l e v e l s ,  2 level f l u c t u a t i o n  rates, and 2 l e v e l   f l u c t u a t i o n   m a g n i t u d e s .   E a c h  
n o i s e  was p r e s e n t e d  twice f o r  a t o t a l  o f  64 test s t i m u l i .  The 32 u n i q u e  s t i m u l i  
were based on 4 s y n t h e s i z e d  a i r c r a f t  n o i s e s  i n  w h i c h  t o n a l  c o n t e n t  a n d  n o i s e  
d u r a t i o n  were i n d i v i d u a l l y  c o n t r o l l e d  by t h e  u s e  of a newly  deve loped  a i r c ra f t -  
no i se   syn thes i s   sys t em.   The  appropriate s o u n d   l e v e l   f l u c t u a t i o n s  were i n t r o -  
d u c e d  i n t o  t h e  f o u r  s y n t h e s i z e d  n o i s e s  b y  u s i n g  a f l u c t u a t i o n  a p p a r a t u s  con- 
s i s t i n g  of a random no i se   gene ra to r   and  a s i g n a l  m u l t i p l i e r .  T h i r t y - t w o  tes t  
s u b j e c t s  made annoyance judgments of t h e  test  s t i m u l i  i n  a s u b j e c t i v e  l i s t e n i n g  
tes t  f a c i l i t y  s i m u l a t i n g  a n  o u t d o o r  a c o u s t i c  e n v i r o n m e n t .  
S t a t i s t i ca l  a n a l y s e s  of t h e  s u b j e c t i v e  j u d g m e n t s  were used t o  de te rmine  
t h e  e f f e c t s  of l e v e l  f l u c t u a t i o n  ra te ,  l e v e l  f l u c t u a t i o n  m a g n i t u d e ,  a n d  t h e  
o t h e r   n o i s e   c h a r a c t e r i s t i c s   o n   a n n o y a n c e .  The impact o f   t he   add i t ion   o f   t one  
c o r r e c t i o n s  a n d  n o i s e  d u r a t i o n  c o r r e c t i o n s  to s e v e r a l  n o i s e  r a t i n g  scales was 
a lso assessed. 
V a r i a t i o n s  i n  t h e  ra te  and  magn i tude  o f  l eve l  f l uc tua t ions  were found to  
have l i t t l e ,  i f  any, effect  on   annoyance .   Tonal   conten t ,   no ise   dura t ion ,   sound 
pressure l e v e l ,  a n d  t h e  i n t e r a c t i o n  of t o n a l  c o n t e n t  w i t h  s o u n d  p r e s s u r e  l e v e l  
were found t o  a f f e c t  t h e  judged a n n o y a n c e  s i g n i f i c a n t l y .  T h e  a d d i t i o n  o f  t o n e  
co r rec t ions  and /o r  du ra t ion  co r rec t ions  s ign i f i can t ly  improved  the  annoyance  
p r e d i c t i o n  a b i l i t y  of n o i s e  r a t i n g  scales. 
INTRODUCTION 
I n  r e c e n t  y e a r s ,  much a t t e n t i o n  h a s  b e e n  d i r e c t e d  toward de te rmin ing  t h e  
e f f e c t s  of v a r i o u s  a i r c ra f t  n o i s e  c h a r a c t e r i s t i c s  o n  a n n o y a n c e  ( e . g . ,  r e f s .  1 
t o  5) . A pr imary  ob jec t ive  o f  such  r e sea rch  is the development  of  a procedure 
to q u a n t i f y  t h e  i m p o r t a n t  n o i s e  c h a r a c t e r i s t i c s  t h a t  n e e d  to be i n c o r p o r a t e d  
i n t o  a n o i s e  r a t i n g  scale. The p r i m a r y  n o i s e  c h a r a c t e r i s t i c s  t h a t  h a v e  b e e n  
inves t iga t ed  inc lude  sound  p res su re  l eve l ,  f r equency  con ten t ,  no i se  du ra t ion ,  
and Doppler s h i f t .  A n o i s e  c h a r a c t e r i s t i c  f o r  wh ich   no   sys t ema t i c ,   sub jec t ive  
in fo rma t ion  is ava i lab le ,  and  one  which  may need to  b e  i n c o r p o r a t e d  i n t o  n o i s e  
ra t ing scales, is s o u n d   l e v e l   f l u c t u a t i o n s   w i t h i n   t h e   a i r c r a f t   n o i s e .  The term 
" l e v e l   f l u c t u a t i o n s "  is best e x p l a i n e d  by t h e  i l l u s t r a t i o n s  i n  f i g u r e  1 .  Fig- 
u r e  1 (a)  is a t h e o r e t i c a l  a i r c r a f t - f l y o v e r  n o i s e  time h i s t o r y  i n  w h i c h  n o  l e v e l  
f l u c t u a t i o n s  o c c u r .  T h e  s o u n d  p r e s s u r e  l e v e l  i n c r e a s e s  w i t h  a n  a l w a y s  p o s i t i v e  
slope u n t i l  t h e  p e a k  v a l u e  is reached;  it t h e n  decreases wi th  an  a lways  nega t ive  
slope. The time h i s t o r y  i n  f i g u r e  l ( b )  is a more real is t ic  case; t h e  slope of 
P 
t he  sound  p res su re  level c u r v e  a l t e r n a t e s  from positive t o  n e g a t i v e  for s h o r t  
du ra t ions ,  wh i l e  over t h e  l o n g  term, t h e  s o u n d  p r e s s u r e  l e v e l  still  i n c r e a s e s  
t o  a p e a k  v a l u e  before dec reas ing  t o  the  ambien t  l eve l .  These  aud ib le  f l u c -  
t u a t i o n s  i n  l e v e l  o c c u r  i n  v a r y i n g  d e g r e e s  i n  almost a l l  a i r c r a f t - f l y o v e r  
n o i s e s  . 
The purpose of t h i s  s t u d y  was to d e t e r m i n e  t h e  effects of v a r i a t i o n s  i n  
t h e  ra te  and magnitude of t h e s e  level f luc tua t ions  on  the  annoyance  caused  by 
a i r c r a f t - f l y o v e r  n o i s e .  I n  order to maximize   the   appl ica t ion  of t h e  r e s u l t s  
t o  v a r i o u s  types of a i r c r a f t  n o i s e ,  l e v e l  f l u c t u a t i o n s  were s t u d i e d  u s i n g  air-  
c r a f t  n o i s e s  h a v i n g  d i f f e r e n t  t o n a l  c o n t e n t ,  n o i s e  d u r a t i o n s ,  a n d  s o u n d  pres- 
s u r e  l e v e l s .  To i n s u r e  t h a t  t h e  effects on  annoyance of d i f f e r e n t  n o i s e  
c h a r a c t e r i s t i c s  c o u l d  b e  s e p a r a t e d ,  a newly  deve loped  a i r c ra f t -no i se  syn thes i s  
s y s t e m ,  c a p a b l e  o f  i n d i v i d u a l l l y  c o n t r o l l i n g  spectral c o n t e n t ,  n o i s e  d u r a t i o n ,  
aircraft  veloci ty ,  and sound pressure l e v e l ,  was used to g e n e r a t e  t h e  test 
s t i m u l i .  
SYMBOLS AND ABBREVIATIONS 
The  fo l lowing  r a t ing  scales have  been  used  in  the  acous t i ca l  ana lys i s  o f  
t h e   a i r c r a f t   n o i s e s   u s e d   i n   t h i s   s t u d y .   A d d i t i o n a l   d e s c r i p t i v e   i n f o r m a t i o n  
concern ing  f requency  weight ings  and  computa t iona l  procedures  can  be found in  
r e fe rence  6 .  
LA A-weighted  sound  pressure  level,   based  on  1/3-octave  bands 
from 50 Hz to 10 kHz, dB 
LD D-weighted  sound  pressure  l vel ,   based  on 1 /3-octave  bands 
from 50 Hz to 10 kHz,  dB 
PL p e r c e i v e d   l e v e l ,   a c c o r d i n g  to  S tevens  Mark VI1 procedure ,  PLdB 
PNL p e r c e i v e d   n o i s e   l e v e l ,  PNdB 
The a d d i t i o n  of t h e  cap i ta l  l e t te r  "T" a t  t h e  e n d  of t h e  a b b r e v i a t i o n s  
of t h e  r a t i n g  scales (e.g. ,  LDT and PNLT) d e n o t e s  t h e  a d d i t i o n  of a tone  
c o r r e c t i o n  to  t h e  c a l c u l a t i o n  p r o c e d u r e .  The tone   co r rec t ion   u sed  is t h e  same 
as t h a t  i n c o r p o r a t e d  i n  t h e  e f f e c t i v e  p e r c e i v e d  n o i s e  l e v e l  c a l c u l a t i o n  (FAR 36 
procedure ,  ref. 7) and is based  on  the  tona l  f r equency  and  the  amount t h a t  t h e  
tone   exceeds   the   no ise   in   the   ad jacent   1 /3-oc tave   bands .  The u s e  o f   t h e  cap- 
i t a l  le t ter  "I" p r e c e d i n g  t h e  a b b r e v i a t i o n s  o f  t h e  r a t i n g  scales (e.g., ILAT 
and IPL) denotes  the addi t ion of a n o i s e  d u r a t i o n  c o r r e c t i o n  to  t h e  c a l c u l a t i o n  
p rocedure .   Th i s   co r rec t ion   p rocedure  is t h e  same as t h a t  i n c o r p o r a t e d  i n  t h e  
e f f e c t i v e  p e r c e i v e d  n o i s e  l e v e l  c a l c u l a t i o n  a n d  h a s  a magnitude of 3 dB per 
d o u b l i n g   o f   e f f e c t i v e   d u r a t i o n .   E f f e c t i v e   d u r a t i o n  is d e f i n e d  as t h e   d u r a t i o n  
of  a con t inuous - l eve l  s igna l  w i th  ene rgy  equa l  to  the  ene rgy  con ta ined  in  the  
f lyove r -no i se   s igna l .  The e n e r g y  c o n t a i n e d  i n  t h e  f l y o v e r  s i g n a l  is based  on 
t h e  n u m e r i c a l  i n t e g r a t i o n  o f  e n e r g y  b e t w e e n  t h e  f i r s t  a n d  l a s t  p o i n t s  a t  which 
t h e  f l y o v e r  s i g n a l  is 1 0  dB down from t h e  maximum sound leve l .  
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Other abbreviations and symbols used herein are as follows: 
FAR Federal  Aviation  Regulation 
rL low-level f luctuat ion rate  
rH high-level  fluctuation  rate 
mL low-level f luctuation magnitude 
mH high-level  fluctuation magnitude 
SPL sound pressure  level, d B  
EXPERIMENTAL METHOD 
Test Facility 
The exterior effects room  of the Langley aircraft noise reduction lab- 
oratory  (see f i g .  2) was used as  the tes t  faci l i ty  i n  the  experiment. T h i s  
room has a volume  of approximately 340 m 3  and a reverberation time of approxi- 
mately 0.5 sec at  1000 Hz. The subjects pictured i n  f igure 2 occupy the 
seats  used during testing by each group of four subjects. The  monophonic 
recordings of the aircraft-noise s t i m u l i  were played on a studio-quality tape 
recorder and presented to the subjects by means  of four overhead loudspeakers. 
A commercially available noise reduction system which provided a nominal 30-dB 
increase i n  signal-to-noise ratio was used to  reduce tape h i s s  to inaudible 
levels.  
Test Subjects 
Thirty-two subjects were randomly selected from a pool of local residents 
w i t h  a wide range of socioeconomic backgrounds and were paid to  par t ic ipa te  
i n  the experiment. A l l  subjects had previously participated i n  experiments 
related to aircraft  noise.  However,  none  of the subjects had participated i n  
a previous study (ref. 5) which used aircraft-noise s t i m u l i  similar to those 
used i n  t h i s  s t u d y .  A l l  tes t  subjects  were given  audiograms prior to the 
experiment to  ver i fy  normal hearing w i t h  20 d B  ( re f .  8 ) .  Table I gives the 
sex and age data for the subjects. 
Subjective Evaluations 
A unipolar, 10-poin t  (from 0 t o  9)  continuous-type category scale was 
used by the subjects to record their subjective responses to the test s t i m u l i .  
The end p o i n t s  of t h e  scale were labeled "Not a t   a l l  Annoying" and "Extremely 
Annoying." The term "ANNOYING" was defined i n  the subject instructions as 
"UNWANTED, OBJECTIONABLE,  DISTURBING, or UNPLEASANT." To prevent  instruction 
bias, a short tone or beep audio cue was placed a t  t h e  end of each test stim- 
u l u s  and the subjects were instructed to wait u n t i l  they heard the audio cue 
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before making their   annoyance  judgments.  N o  ment ion of a n y  n o i s e  c h a r a c t e r i s t i c  
was made i n  t h e  i n s t r u c t i o n s  g i v e n  t h e  s u b j e c t s .  The  purpose of t h i s  method 
was t o  i n s u r e  t h a t  t h e  s u b j e c t s '  j u d g m e n t s  were based o n  t h e  e n t i r e  s t i m u l u s  
n o i s e  b u t  were n o t  b i a s e d  by the  men t ion  of any specific n o i s e  c h a r a c t e r i s t i c  
such  as n o i s e  d u r a t i o n  or level f l u c t u a t i o n .  The e x a c t  s u b j e c t  i n s t r u c t i o n s  
are rep roduced  in  the  append ix .  
Noise S t i m u l i  
The n o i s e  s t i m u l i  u s e d  i n  t h i s  s t u d y  c o n s i s t e d  o f  l o u d s p e a k e r - r e p r o d u c e d  
tape r e c o r d i n g s  o f  3 2  a i r c r a f t - f l y o v e r  n o i s e s  r e p r e s e n t i n g  t h e  f a c t o r i a l  com- 
b i n a t i o n s  o f  2 t o n e  c o n d i t i o n s ,  2 n o i s e  d u r a t i o n s ,  2 s o u n d  p r e s s u r e  l e v e l s ,  
2 l e v e l  f l u c t u a t i o n  rates, and 2 l e v e l   f l u c t u a t i o n   m a g n i t u d e s .  The s t i m u l i  
were b a s e d  o n  s y n t h e s i z e d  a i r c r a f t  n o i s e s  i n  w h i c h  t h e  n o i s e  c h a r a c t e r i s t i c s  
were i n d i v i d u a l l y  c o n t r o l l e d  t h r o u g h  t h e  u s e  of a newly  deve loped  a i r c ra f t -  
n o i s e   s y n t h e s i s  system ( r e f .  5 ) .  I n   g e n e r a t i n g  a i r c ra f t  n o i s e s ,   t h e   s y n t h e s i s  
system takes in to  accoun t  t he  t ime-va ry ing  a i rcraf t  p o s i t i o n ,  specified 
broadband  and  narrowband  frequency  components, Doppler s h i f t ,  d i r e c t i v i t y ,  
and   a tmosphe r i c   e f f ec t s .   Hence ,   i ndependen t   va r i a t ion  of t o n a l   c o n t e n t   a n d  
n o i s e  d u r a t i o n  is possible whi le  ho ld ing  the  broadband spectral c o n t e n t  
c o n s t a n t  . 
I n  order to prepare t h e  n o i s e  s t i m u l i  for t h i s  s t u d y ,  t h e  s y n t h e s i s  s y s -  
tem was used t o  g e n e r a t e  f o u r  s y n t h e s i z e d  a i r c r a f t  n o i s e s ,  o n e  f o r  e a c h  of t h e  
f a c t o r i a l  c o m b i n a t i o n s  of t w o  tone   cond i t ions   and  t w o  n o i s e   d u r a t i o n s .  The 
broadband spectral con ten t  o f  a l l  fou r  of t h e  s y n t h e s i z e d  n o i s e s  was similar 
to  t h a t  of a 727 a i r p l a n e  d e p a r t u r e .  One of t h e  t w o  t o n e  c o n d i t i o n s  c o n s i s t e d  
of the   b roadband  no ise   wi th   no   tona l   components .  The o t h e r  t o n e  c o n d i t i o n  
c o n s i s t e d  of t h e  b r o a d b a n d  n o i s e  w i t h  t h e  a d d i t i o n  of s t rong  tona l  componen t s  
c e n t e r e d  a t  1100 Hz and 2200 Hz. The a i rcraf t  v e l o c i t y  was set a t  a c o n s t a n t  
80 m/sec w h i l e  t h e  a l t i t u d e  was v a r i e d  to  o b t a i n  t h e  t w o  d e s i r e d  n o i s e  d u r a -  
t ions .   These   combina t ions  of v e l o c i t y  a n d  a l t i t u d e  r e s u l t e d  i n  two Doppler 
s h i f t  p a t t e r n s ,  o n e  for each   no i se   du ra t ion .  However, as r e f e r e n c e  5 i n d i c a t e s ,  
t h i s  d i f f e r e n c e  i n  Doppler s h i f t  h a s  n o  s i g n i f i c a n t  e f f e c t  o n  a n n o y a n c e .  Based 
o n  t h e  A-weighted sound pressure level,  t h e  10-dB down n o i s e  d u r a t i o n s  were 1 0  
and 20 sec. The 1/3-0ctave-band spectra a n d  t h e  time h i s t o r i e s  of t h e  f o u r  
s y n t h e s i z e d  n o i s e s  h a v i n g  t h e  d i f f e r e n t  c o m b i n a t i o n s  of t h e s e  t o n e  a n d  d u r a t i o n  
c o n d i t i o n s  are shown i n  f i g u r e s  3 and 4,  r e s p e c t i v e l y .  The time h i s t o r i e s  o f  
t h e s e  n o i s e s  were f a i r l y  smooth curves with f e w  f l u c t u a t i o n s .  
The desired l e v e l  f l u c t u a t i o n s  were i n t r o d u c e d  i n t o  t h e  time h i s t o r i e s  
u s i n g   t h e   a p p a r a t u s  shown i n  f i g u r e  5. A repeatable random-noise   s ignal   having 
t h e  appropriate f l u c t u a t i o n  m a g n i t u d e  a n d  rate was m u l t i p l i e d  w i t h  t h e  s y n t h e -  
s i z e d  f l y o v e r - n o i s e  s i g n a l  to o b t a i n  a f l y o v e r - n o i s e  s t i m u l u s  w i t h  f l u c t u a t i n g  
l e v e l .  The f a c t o r i a l  c o m b i n a t i o n s  of t w o  l e v e l  f l u c t u a t i o n  rates r L  and r H  
and two l e v e l  f l u c t u a t i o n  m a g n i t u d e s  mL and mH r e s u l t e d  i n  t h e  i n t r o d u c t i o n  
o f  f o u r  d i f f e r e n t  f l u c t u a t i o n  p a t t e r n s  i n t o  e a c h  of t h e  f o u r  s y n t h e s i z e d  n o i s e s .  
The f o u r  f l u c t u a t i o n  p a t t e r n s ,  as applied to p i n k  n o i s e ,  are p r e s e n t e d  i n  f i g -  
u r e  6. The time h i s t o r i e s  of t h e  16 n o i s e s  r e p r e s e n t i n g  t h e  fac tor ia l  combi- 
n a t i o n s  of 2 t o n e  c o n d i t i o n s ,  2 n o i s e  d u r a t i o n s ,  2 l e v e l  f l u c t u a t i o n  rates, 
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and 2 level f l u c t u a t i o n  m a g n i t u d e s  are shown i n  f i g u r e  7. R e p l i c a t i o n  of t h e s e  
16 noises a t  e a c h  o f  2 s o u n d  p r e s s u r e  l e v e l s  comprised t h e  set of 32 unique 
noise s t i m u l i .  
Noise P r e s e n t a t i o n  Order 
Four tape r e c o r d i n g s  of 1 6  s t i m u l i  e a c h  were prepared for p r e s e n t a t i o n  to 
t h e  s u b j e c t s .  T a p e s  I11 and I V  c o n t a i n e d  t h e  same s t i m u l i  as tapes I and 11, 
b u t  i n  r e v e r s e  o r d e r .  T h e  order of the s t i m u l i  o n  e a c h  tape is g i v e n  i n  
t a b l e  11. The p a r t i c u l a r  o r d e r  of the  no i se  s t imu l i  on  each  tape was based on  
random s e l e c t i o n  f r o m  t h e  3 2  n o i s e s  w i t h  2 c o n s t r a i n t s  p r o v i d i n g  some measure 
of balance.  The f i r s t  c o n s t r a i n @  was t h a t  e a c h  of t h e  two t o n e  c o n d i t i o n s ,  two 
n o i s e  d u r a t i o n s ,  two s o u n d  p r e s s u r e  l e v e l s ,  t w o  l e v e l  f l u c t u a t i o n  rates, and t w o  
l e v e l  f l u c t u a t i o n  m a g n i t u d e s  s h o u l d  o c c u r  a n  e q u a l  number of times on each tape. 
The  second  cons t r a in t  was t h a t  none  o f  t hese  cond i t ions  shou ld  occur  th ree  times 
i n  a row on a tape. A period o f  6 sec was p rov ided  be tween  s t imu l i  fo r  t he  sub- 
jects to make and  r eco rd  the i r  j udgmen t s .  
A l l  f ou r  tapes were p r e s e n t e d  to each o f  t h e  e i g h t  g r o u p s  o f  f o u r  s u b -  
jects so t h a t  e a c h  s u b j e c t  j u d g e d  e a c h  u n i q u e  n o i s e  s t i m u l u s  twice. As shown 
i n  t a b l e  111, t h e  f o u r  tapes were p r e s e n t e d  to e a c h  s u b j e c t  g r o u p  i n  a d i f f e r e n t  
order. Each tape r e q u i r e d  a p p r o x i m a t e l y  1 5  min for   p layback   and   se rved  as a 
test  s e s s i o n  for t h e  s u b j e c t s .  
Procedure 
Upon a r r i v a l  a t  t h e  l a b o r a t o r y ,  t h e  s u b j e c t  groups were s e a t e d  i n  a con- 
f e r e n c e  room and g iven  a set  o f  i n s t r u c t i o n  s h e e t s ,  a consent  form,  a practice 
sco r ing   shee t ,   and  a set o f   s c o r i n g   s h e e t s .  Copies of t h e s e  items are shown 
i n   t h e   a p p e n d i x .  After r e a d i n g   t h e   i n s t r u c t i o n s   a n d   c o m p l e t i n g   t h e   c o n s e n t  
fo rm,  the  sub jec t s  were g i v e n  a b r i e f  v e r b a l  e x p l a n a t i o n  of t h e  s c o r i n g  s h e e t s  
and were asked i f  t hey  had  any  ques t ions  abou t  t he  test. The s u b j e c t s  were t h e n  
t a k e n  i n t o  t h e  test f a c i l i t y  and  randomly  assigned seat  loca t ions .   Three  
practice s t i m u l i ,  l i s t e d  i n  t a b l e  11, were p r e s e n t e d  to  t h e  sub jec t s  wh i l e  
t h e  test conduc to r   r ema ined   i n   t he  test  f a c i l i t y .  I n  order for t h e  s u b j e c t s  
t o  g a i n  e x p e r i e n c e  i n  s c o r i n g  t h e  s o u n d s ,  t h e y  were i n s t r u c t e d  t o  make and 
record   judgments   o f   the  practice s t i m u l i .  After a s k i n g  a g a i n  for any   ques t ions  
a b o u t  t h e  test ,  t h e  t e s t  conductor  l e f t  t h e  f a c i l i t y  a n d  t h e  f i r s t  o f  f o u r  
test  sess ions   began .  After t h e   c o n c l u s i o n   o f   e a c h  15-min s e s s i o n ,   t h e  test 
conduc to r  r een te red  t h e  test  f a c i l i t y  a n d  i s s u e d  new s c o r i n g  s h e e t s  f o r  t h e  
nex t   s e s s ion .   Be tween   t he   s econd   and   t h i rd   s e s s ions ,   t he  subjects were g iven  
a 15-min res t  p e r i o d  o u t s i d e  t h e  tes t  f a c i l i t y .  
A c o u s t i c  Data Reduct ion 
The s t i m u l i  were measured ,  w i th  no  sub jec t s  p re sen t ,  a t  the  ave rage  head  
p o s i t i o n  of t h e  s u b j e c t  p i c t u r e d  i n  f i g u r e  2 i n  t h e  f i r s t  row to t h e  r e a d e r ' s  
r i g h t .  A 1/3-octave-band  analysis  of t h e   m e a s u r e m e n t s   ( a n a l o g   f i l t e r i n g   w i t h  
d i g i t a l  sampl ing ,   roo t -mean-square   de tec t ion ,   and   in tegra t ion)  was used to 
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provide  time h i s t o r i e s  f o r  c o m p u t a t i o n s  r e q u i r e d  b y  t h e  r a t i n g  scales. The 
frequency range of t h e  a n a l y s i s  was 50 Hz to 10 kHz; t h e  r a t i n g  scale va lues  
were calculated from the measured 1/3-octave-band levels .  
Maximum l e v e l s ,  d u r a t i o n - c o r r e c t e d  l e v e l s ,  t o n e - c o r r e c t e d  l e v e l s ,  a n d  
du ra t ion -  and  tone -co r rec t ed  l eve l s  were o b t a i n e d  for each  o f  t he  64 n o i s e s  
(32  unique s t i m u l i  p re sen ted  to each subject twice) for e a c h  r a t i n g  scale. 
Table  IV lists the  ave rage  va lue ,  ove r  bo th  occur rences ,  o f  t he  l eve l s  o f  
t h e   s t i m u l i .  The l e v e l s  were c a l c u l a t e d  as s p e c i f i e d  i n  "Symbols  and 
Abbrevia t ions .  " 
RESULTS AND DISCUSSION 
R e l i a b i l i t y  of Subjec t ive  Judgments  
An i n i t i a l  c o n s i d e r a t i o n  i n  s u b j e c t i v e  r e s p o n s e  s t u d i e s  i s  t h e  reli-  
a b i l i t y  of t h e  s u b j e c t i v e  j u d g m e n t s  g i v e n  by t h e  test  s u b j e c t s .  Because i n  
t h i s  s t u d y  t h e  l a s t  32 s t i m u l i  judged by e a c h  s u b j e c t  were a r e p e t i t i o n  of 
t h e  f i r s t  32 s t i m u l i  i n  r e v e r s e  order, it was possible to o b t a i n  a measure 
of t h e   r e l i a b i l i t y   o f   t h e   s u b j e c t i v e   j u d g m e n t s .   R e g r e s s i o n   a n a l y s e s  were 
performed on  these  repeated judgments   in  t w o  ways. The f i r s t  was a r eg res -  
s i o n  of e a c h  i n d i v i d u a l  subject ' s  second judgment  (dependent  var iab le)  on  h is  
f i r s t  judgment   ( independent   var iab le)   for   each  s t i m u l u s .  The second was a 
r e g r e s s i o n  of t h e  mean (ove r  sub jec t s )  o f  t he  second  judgmen t s  on  the  mean 
of t h e  f i r s t  judgments   for   each  of   the 32 s t i m u l i .  The Pearson  product-moment 
c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  two r e g r e s s i o n  a n a l y s e s  were 0.773 and 0.990, 
r e s p e c t i v e l y .   T h e s e   r e s u l t s   i n d i c a t e   t h a t   t h e   s u b j e c t i v e   j u d g m e n t s  were h igh ly  
r e l i a b l e .  
E f f e c t s  of Noise C h a r a c t e r i s t i c s  
Analys is  of va r i ance . -  In  order to  d e t e r m i n e  w h i c h  n o i s e  c h a r a c t e r i s t i c s  
a f f e c t e d  t h e  s u b j e c t i v e  a n n o y a n c e  r e s p o n s e s  s i g n i f i c a n t l y ,  a n  a n a l y s i s  of 
va r i ance  was computed. The a n a l y s i s  o f  v a r i a n c e  was a mixed model ( re f .  9 )  
i n  which  tona l  conten t ,  no ise  dura t ion ,  sound pressure l e v e l ,  f l u c t u a t i o n  
ra te ,  and  f luc tua t ion  magn i tude  were cons idered  f ixed ,  and  subjects a n d  r e p l i -  
c a t i o n s  were cons idered  random. There were 64 judgments   for   each of t h e  
32   un ique   s t imul i .  The results of t h e  a n a l y s i s  o f  v a r i a n c e  are g i v e n  i n  
t ab le  V. T h e s e  r e s u l t s  i n d i c a t e  t h a t  of t h e  f i v e  f i x e d  m a i n  parameters, four 
were s i g n i f i c a n t  (0.05 l e v e l ) :   t o n a l   c o n t e n t ,   n o i s e   d u r a t i o n ,   s o u n d   p r e s s u r e  
l eve l ,   and   f l uc tua t ion   magn i tude .   F luc tua t ion  ra te  was n o t   s i g n i f i c a n t .   O n l y  
fou r  of t h e   i n t e r a c t i o n s   b e t w e e n   t h e   f i x e d   e f f e c t s  were s i g n i f i c a n t :  ( 1 )  t h e  
i n t e r a c t i o n  o f  t o n a l  c o n t e n t  a n d  l e v e l ;  ( 2 )  t h e  i n t e r a c t i o n  o f  t o n a l  c o n t e n t ,  
f l u c t u a t i o n  rate,  a n d  f l u c t u a t i o n  m a g n i t u d e ;  ( 3 )  t h e  i n t e r a c t i o n  of t o n a l  con- 
t e n t ,  n o i s e  d u r a t i o n ,  f l u c t u a t i o n  ra te ,  and   f luc tua t ion   magni tude ;   and  (4)  t h e  
i n t e r a c t i o n  o f  t o n a l  c o n t e n t ,  l e v e l ,  f l u c t u a t i o n  ra te ,  and  f luc tua t ion  magni -  
tude.  The  random e f f e c t s  o f  r e p l i c a t i o n s  a n d  s u b j e c t s  were b o t h   s i g n i f i c a n t .  
"
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To o b t a i n  a m e a s u r e  o f  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  s i g n i f i c a n t  main 
e f fec ts   and   in te rac t ions ,   the   var iance   (expec ted-mean-square   method,   re f .  9)  
f o r  e a c h  m a i n  e f f e c t  a n d  i n t e r a c t i o n  was ca l cu la t ed  and  expres sed  as a per- 
cen tage  of t h e  t o t a l  var iance .  The  percentages  f or each  main  e f fec t  and  for  
t h e  i n t e r a c t i o n s  of i n t e r e s t  are g i v e n  i n  t a b l e  V I .  The o n l y  n o i s e  c h a r a c t e r -  
is tics which accounted for  more than  1 per c e n t  of t h e  t o t a l  v a r i a n c e  were t h e  
main e f f e c t s  o f  sound  p res su re  l eve l  (86.45 p e r c e n t ) ,  n o i s e  d u r a t i o n  (3.54 per- 
cen t ) . ,  and  tona l  con ten t  (2.57 p e r c e n t )  a n d  t h e  i n t e r a c t i o n  of t o n a l  c o n t e n t  
w i t h  l e v e l  (1 .13 p e r c e n t )  . Fluc tua t ion  magn i tude  and  f luc tua t ion  ra te  each 
a c c o u n t e d  f o r  less than  0.1 pe rcen t  of t h e  t o t a l  var iance .   Each   of   the   th ree-  
and  fou r -way  in t e rac t ions ,  i nd ica t ed  as s i g n i f i c a n t  by t h e  a n a l y s i s  of v a r i -  
ance ,  accoun ted  fo r  less t h a n  0.4 percen t  of t h e  t o t a l  v a r i a n c e .  T h e  e f f e c t s  
of t h e s e  n o i s e  c h a r a c t e r i s t i c s  are d i s c u s s e d  s e p a r a t e l y  i n  t h e  f o l l o w i n g  
paragraphs.  
F l u c t u a t i o n  r a t e  and f l u c t u a t i o n  m a g n i t u d e . -  The e f f e c t s  of f l u c t u a t i o n  
ra te  and f luctuat ion magnitude on annoyance are shown i n  f i g u r e  8 .  T h e  f i g u r e  
i l l u s t r a t e s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  mean annoyance  ra t ing  and  the  f luc-  
t u a t i o n  ra te  for each of t h e  f l u c t u a t i o n  m a g n i t u d e  c o n d i t i o n s .  Mean annoyance 
r a t i n g  is the  average  of the  subjec t ive  annoyance  judgments  of a l l  t he  s t i m u l i  
h a v i n g   t h e   c o m b i n a t i o n   o f   p a r a m e t e r s   s p e c i f i e d .   I n   t h i s  case, i t  is t h e  
average  across t o n a l   c o n t e n t ,   n o i s e   d u r a t i o n ,   l e v e l ,   a n d   r e p l i c a t i o n s .   F i g -  
u r e  8 i n d i c a t e s  t h a t  f l u c t u a t i o n  ra te  has  no e f f ec t  on  annoyance  and  tha t  
the  h igh- f luc tua t ion-magni tude  condi t ion  is o n l y  s l i g h t l y  more annoying than 
the   low-f luc tua t ion-magni tude   condi t ion .   These   t rends   and   the  associated l o w  
va lues  of exp la ined  va r i ance  f rom t ab le  V I  show t h a t  n e i t h e r  f l u c t u a t i o n  ra te  
no r  f luc tua t ion  magn i tude  has  a major impact on  subjec t ive  annoyance  response  
to a i rcraf t  noise .   Consequent ly ,   there  is n o   i n d i c a t i o n   o f  a need to  i n c l u d e  
t h e s e  parameters i n  a n o i s e  r a t i n g  scale. 
~ ~. - - ~ ~  . ~ ~ ~ 
Tonal  conten t  and  sound pressure  leve l  .- The e f f e c t s  of t ona l  con ten t  and  
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sound pressu-re l e v e l  -on. annoyance are shown i n  f i g u r e  9 .  The f i g u r e  i l l u s -  
t ra tes  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  mean annoyance rat ing and LA f o r  s t i m u l i  
without   tones  and s t i m u l i  w i th   t ones .   Cons i s t en t   w i th   p rev ious   r e sea rch   ( e .g . ,  
r e f s  . 1 , 2, and 5) , t h e  n o i s e s  w i t h  t o n e s  are mor e annoy ing  than  the  no i ses  
without  tones,  and annoyance increases  as  t h e  sound pressure l e v e l  i n c r e a s e s .  
T h i s  t r e n d  a n d  t h e  a s s o c i a t e d  h i g h  v a l u e  o f  e x p l a i n e d  v a r i a n c e  from t a b l e  V I  
c l e a r l y  i n d i c a t e  t h e  n e e d  f o r  t h e  i n c l u s i o n  of t o n e  c o r r e c t i o n s  i n  n o i s e  
r a t i n g  scales. An a d d i t i o n a l  r e s u l t  t h a t  is  of i n t e r e s t  i s  t h e  s i g n i f i c a n t  
i n t e r a c t i o n  of tona l   conten t   wi th   sound pressure l e v e l .  The d i f f e r e n c e  i n  
annoyance  be tween s t imul i  wi th  tones  and  s t imul i  wi thout  tones  decreased  as 
t h e  l e v e l  of t h e  s t i m u l i  i n c r e a s e d .  T h i s  f i n d i n g  is c o n s i s t e n t  w i t h  resul ts  
r e p o r t e d   i n  a p r e v i o u s   s t u d y   ( r e f .  5 ) .  However ,   s ince   bo th   s tud ie s   u sed   t he  
same b a s i c  s t i m u l i  and s ince both had a l i m i t e d  number of test c o n d i t i o n s ,  
f u r t h e r  s t u d y  o f  t h i s  i n t e r a c t i o n  is needed to  v e r i f y  i ts  exis tence  and  t o  
de termine  its importance as a parameter i n  n o i s e - r a t i n g - s c a l e  c a l c u l a t i o n s .  
Noise d u r a t i o n  . . - and  sound  pressure   l eve l . -   F igure  1 0  i l lustrates t h e  
e f f e c t s  of n o i s e  d u r a t i o n  -ana sound pressure  leve l  on  annoyance .  The  f ig-  
ure s h o w s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  mean annoyance rat ing and LA fo? 
bo th   du ra t ion   cond i t ions .  A s  t h e  f i g u r e  i n d i c a t e s ,  i n c r e a s e d  n o i s e  d u r a t i o n  
causes inc reased  annoyance ,  and  inc reased  sound  p res su re  l eve l  causes 
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increased  annoyance.  N o  s i g n i f i c a n t  i n t e r a c t i o n  of dura t ion  wi th  any  of  the  
parameters i n   t h e   e x p e r i m e n t   d e s i g n  was found.  These results a g r e e   w i t h   t h e  
d u r a t i o n  f i n d i n g s  reported i n  r e f e r e n c e  5.  The t r e n d s  i n  f i g u r e  10  and  the 
a s s o c i a t e d  h i g h  v a l u e  o f  e x p l a i n e d  v a r i a n c e  from table V I  c l e a r l y  i n d i c a t e  t h e  
n e e d  f o r  t h e  i n c l u s i o n  o f  n o i s e  d u r a t i o n  c o r r e c t i o n s  i n  n o i s e  r a t i n g  scales. 
T h r e e -   a n d   f o u r - f a c t o r   i n t e r a c t i o n s .   T h r e e   a d d i t i o n a l   i n t e r a c t i o n s  were 
found to  be s i g n i f i c a n t  by t h e   a n a l y s i s   o f   v a r i a n c e :  ( 1 )  t h e  i n t e r a c t i o n  of 
t o n a l   c o n t e n t ,   f l u c t u a t i o n  rate,  and   f luc tua t ion   magni tude ;  ( 2 )  t h e   i n t e r a c t i o n  
o f  t o n a l  c o n t e n t ,  n o i s e  d u r a t i o n ,  f l u c t u a t i o n  ra te ,  and  f luc tua t ion  magni tude ;  
and (3) t h e  i n t e r a c t i o n  o f  t o n a l  c o n t e n t ,  l e v e l ,  f l u c t u a t i o n  rate,  and  f luc-  
t ua t ion   magn i tude .   Each   o f   t hese   i n t e rac t ions   con t r ibu ted  less than 0.4 per- 
c e n t  o f  t h e  total  va r i ance .  None o f  t h e  i n t e r a c t i o n s  had a l a r g e  o v e r a l l  
e f fec t  on  annoyance ,  nor  were a n y  c o n s i s t e n t  i n t e r a c t i o n  t r e n d s  a p p a r e n t  i n  
t h e  data. The re fo re ,   on   t he   bas i s   o f   t hese  results a n d  c o n s i d e r a t i o n  o f  t h e  
limited number of test  c o n d i t i o n s ,  it is n o t  p o s s i b l e  to s a y  w i t h  c e r t a i n t y  
t h a t   t h e s e   i n t e r a c t i o n s   h a v e  real e f f e c t s  on  annoyance.  Consequently,  there 
is no  ind ica t ion  o f  a need to  i n c l u d e  t h e s e  i n t e r a c t i o n s  i n  a n o i s e  r a t i n g  
scale. 
Rat ing  Scale C o r r e c t i o n s  
The n e e d  f o r  t h e  a d d i t i o n  o f  t o n e  a n d  d u r a t i o n  c o r r e c t i o n s  t o  t h e  n o i s e  
r a t i n g  scales is c l e a r l y  i n d i c a t e d  by t h e  resul ts  d i s c u s s e d  i n  t h e  p r e v i o u s  
sec t ions .   Regres s ion   ana lyses  were used t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e s e  cor- 
r e c t i o n s  o n  t h e  p r e d i c t i v e  a b i l i t y  o f  t h e  r a t i n g  scales. L i n e a r  r e g r e s s i o n s  
of  the mean s u b j e c t i v e  j u d g m e n t s  o n  t h e  u n c o r r e c t e d  l e v e l s ,  t o n e - c o r r e c t e d  
l eve l s ,  du ra t ion -co r rec t ed  l eve l s ,  and  tone -  and  du ra t ion -co r rec t ed  l eve l s  o f  
each  o f  t he  r a t ing  scale c a l c u l a t i o n  p r o c e d u r e s ,  LA, LD, PNL, and PL, were per- 
formed. The  mean sub jec t ive  judgmen t s  are t h e  a v e r a g e  o f  i n d i v i d u a l  s u b j e c t i v e  
responses  across sub jec t s   fo r   each   o f   t he  64 no i ses   p re sen ted .   Tab le  V I 1  pre- 
s e n t s  t h e  results o f  t h e s e  r e g r e s s i o n s  f o r  e a c h  o f  t h e  c a l c u l a t i o n  p r o c e d u r e s .  
The f o u r  c o r r e l a t i o n  c o e f f i c i e n t s  b a s e d  o n  a g i v e n  c a l c u l a t i o n  p r o c e d u r e  were 
compared  by us ing  a two- t a i l ed  t-test f o r  t h e  s i g n i f i c a n c e  o f  d i f f e r e n c e  
(0.01 l e v e l )  b e t w e e n  c o r r e l a t i o n  c o e f f i c i e n t s  when samples are not   independent  
( r e f .  1 0 ) .  The resu l t s  of   these  analyses   showed  the same t r e n d s   f o r   e a c h  cal- 
cu la t ion  procedure  and  can  be i l l u s t r a t ed  u s i n g  t h e  LA c a l c u l a t i o n  p r o c e d u r e  
as a representa t ive  example .  
Canparison of t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  t h e  t o n e - c o r r e c t e d  scale LAT 
(0.962) to  t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  t h e  u n c o r r e c t e d  scale LA (0.920) 
shows a s i g n i f i c a n t  improvement i n  p r e d i c t i v e  a b i l i t y  r e s u l t i n g  f r o m  t h e  a d d i -  
t i o n   o f   t h e   t o n e   c o r r e c t i o n .  The c o r r e l a t i o n  c o e f f i c i e n t  of t h e  d u r a t i o n -  
corrected scale ILA (0.959) is also s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  u n c o r r e c t e d  
scale c o e f f i c i e n t .  The add i t ion  o f  bo th  a tone  co r rec t ion  and  a d u r a t i o n  
c o r r e c t i o n  r e s u l t s  i n  a f u r t h e r  s i g n i f i c a n t  improvement i n  p r e d i c t i v e  a b i l i t y .  
The c o r r e l a t i o n  c o e f f i c i e n t  of t h e  scale w i t h  b o t h  c o r r e c t i o n s  ILAT (0.983), 
is s i g n i f i c a n t l y  h i g h e r  t h a n  e i t h e r  o f  t h e  scales w i t h  o n l y  o n e  c o r r e c t i o n .  
These  compar i sons  c l ea r ly  ind ica t e  tha t  t he  add i t ion  o f  no i se  du ra t ion  and /o r  
t o n e  c o r r e c t i o n s  s i g n i f i c a n t l y  i m p r o v e s  t h e  a n n o y a n c e  p r e d i c t i o n  a b i l i t y  of 
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t h e  LA c a l c u l a t i o n  p r o c e d u r e .  The r e s u l t s  f o r  t h e  o t h e r  three r a t i n g  scale 
c a l c u l a t i o n  p r o c e d u r e s  showed similar s i g n i f i c a n t  i m p r o v e m e n t s  i n  p r e d i c t i v e  
a b i l i t y .  
CONCLUSIONS 
A l abora tory  exper iment  was performed to i n v e s t i g a t e  t h e  e f f e c t s  of v a r i a -  
t i o n s  i n  t h e  ra te  and magnitude of sound  l eve l  f l uc tua t ions  on  the  annoyance  
c a u s e d  b y  a i r c r a f t - f l y o v e r  n o i s e .  The e f f e c t s  o f  t ona l  c o n t e n t ,  n o i s e  d u r a t i o n ,  
and  sound  pressure  level   on  annoyance were also s tud ied .  The fo l lowing  con- 
c l u s i o n s  were noted: 
1 .  The rate and  magn i tude  o f  l eve l  f l uc tua t ions  have  l i t t l e ,  i f  a n y ,  e f f e c t  
on  the  annoyance  caused  by  a i r c ra f t - f lyove r  no i se .  
2. The d u r a t i o n  a n d  t o n a l  c o n t e n t  o f  a n  a i r c r a f t - f l y o v e r  n o i s e  s i g n i f i -  
can t ly  a f f ec t  annoyance  and  shou ld  be t a k e n  i n t o  a c c o u n t  i n  t h e  q u a n t i f i c a t i o n  
of annoyance caused by a i r c r a f t  n o i s e .  
3. Tone-cor rec ted  and  dura t ion-cor rec ted  ra t ing  scales were found to pre- 
d i c t  a n n o y a n c e  s i g n i f i c a n t l y  b e t t e r  t h a n  scales w i t h  n o  c o r r e c t i o n s .  
4 .  The i n t e r a c t i o n  o f  t o n a l  c o n t e n t  w i t h  s o u n d  pressure l e v e l  was found 
to a f f e c t   a n n o y a n c e   S i g n i f i c a n t l y .   F u r t h e r   s t u d y  of t h i s  i n t e r a c t i o n  may 
resul t  in  improved  predic t ion  of  overa l l  annoyance  response .  
Langley Research Center 
Nat ional  Aeronaut ics  and Space Admin i s t r a t ion  
Hampton, VA 23665 
November 21, 1979 
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APPEND I X 
INSTRUCTIONS, CONSENT mRM, AND SCORING SHEETS 
Copies of the instructions,  consent  form, and scor ing  sheets  used in  the  
experiment are presented in this appendix. 
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APPENDIX 
I n s t r u c t i o n s  
The experiment  in  which you are p a r t i c i p a t i n g  w i l l  h e l p  u s  unde r s t and  the  
c h a r a c t e r i s t i c s  o f  a i r c r a f t  s o u n d s  which can cause annoyance in  a i rport  commu- 
n i t i e s .  We would l i k e  you to judge  how ANNOYING some o f  t h e s e  a i r c r a f t  s o u n d s  
are. By ANNOYING we mean - UNWANTED, OBJECTIONABLE, DISTURBING, or UNPLmSANT. 
The expe r imen t   cons i s t s   o f   fou r   15 -minu te   s e s s ions .   Dur ing   each   s e s s ion  
1 6  a i r c r a f t  s o u n d s  w i l l  be   p resented  €or you to judge.   Before  each  session  you 
w i l l  be given a r a t i n g  s h e e t  w i t h  1 6  scales l i k e  the one below.  
N o t  a t  a l l  
Annoying I I 1. ~- . I I I I t 
Extremely 
I I I .~ ' I -~ I Annoying 
0 1 2 3 4 5  6 7 8 9 
A f t e r  l i s t e n i n g  to each  sound ,  p l ease  ind ica t e  how annoying you judge the 
sound t o  be by p l a c i n g  a m a r k  across t h e  scale. I f  you  judge a sound t o  be o n l y  
s l i g h t l y  a n n o y i n g ,  t h e n  place your m a r k  close t o  t h e  "NOT ANNOYING AT ALL" end 
of   the scale. S i m i l a r l y ,  i f  you  judge a sound t o  be very  annoying  then place 
your mark  closer to  t h e  "EXTREMELY ANNOYING" end of t h e  scale. A modera te ly  
annoying  judgment  should be marked i n  t h e  m i d d l e  p o r t i o n  o f  t he  scale. A mark  
may be placed  anywhere  a long  the scale, n o t  j u s t  t h e  numbered  locat ions.  Each 
a i rc raf t  sound w i l l  be fo l lowed by a beep or s h o r t  t o n e .  Please do n o t  make 
your   j udgmen t s   un t i l   a f t e r   t he   beep .  You w i l l  have a b o u t  f i v e  s e c o n d s  a f t e r  
t h e  beep t o  make and  record  your  judgment.   There are no r i g h t  or wrong answers;  
w e  are only  in te res ted  in  your  judgment  of  each  sound.  
Be fo re  the  f i r s t  s e s s i o n  b e g i n s  you w i l l  be  given a p r a c t i c e  r a t i n g  s h e e t  
and three sounds w i l l  be  p re sen ted  to f a m i l i a r i z e  you with making and recording 
judgments. I w i l l  r ema in  in  t h e  t e s t i n g  room wi th  you d u r i n g  t h e  practice time 
to answer any questions you may have. 




Voluntary Consent  Form for S u b j e c t s  f o r  Human 
Response to A i r c r a f t  Noise and  Vib ra t ion  
I u n d e r s t a n d  t h e  purpose o f  t h e  r e s e a r c h  a n d  t h e  t e c h n i q u e  to be used, 
i n c l u d i n g  my p a r t i c i p a t i o n  i n  t h e  r e s e a r c h ,  as e x p l a i n e d  to me by t h e  P r i n c i p a l  
I n v e s t i g a t o r  (or q u a l i f i e d  d e s i g n e e ) .  
I do v o l u n t a r i l y  c o n s e n t  to participate as a subject  i n  t h e  human response  
t o  a i r c r a f t  n o i s e  e x p e r i m e n t  t o  be conducted a t  NASA Langley Research Center  
I unders tand  t h a t  I may a t  any time withdraw from the experiment and that 
I am under  no  ob l iga t ion  to g i v e  r e a s o n s  for wi thdrawal  or to a t t e n d  a g a i n  f o r  
exper imenta t ion .  
I under take  t o  obey  the  r egu la t ions  o f  t h e  l a b o r a t o r y  a n d  i n s t r u c t i o n s  of 
t h e  P r i n c i p a l  I n v e s t i g a t o r  r e g a r d i n g  s a f e t y ,  subject on ly  to  my r i g h t  to with- 
draw declared above. 
1 a f f i r m  t h a t ,  to my knowledge, my s ta te  of hea l th  has  no t  changed  s ince  
t h e  time a t  which I completed and signed the medical report form required for 
my p a r t i c i p a t i o n  as a test subject. 
"" 
S i g n a t u r e  of Subject  
1 2  
APPEND1 X 
Prac t i ce  Ra t ing  Shee t  
S u b j e c t  No. Group 
P r a c t i c e  
Sound 
Judgment 
I N o t  a t  a l l  
1 -  L I  ' f 1 - 1  I 1 -1  I I I Ex t r  erne l y  Annoying  Annoying 
0 1 2 3 4 5 6 7 8 9 
I1 N o t  a t  a l l  I- I' I I I '- Annoying Extremely Annoy ing 
0 1 2 3 4 5 6 7 8 9 
I11 N o t  a t  a l l  I- ' 1 I I I I 1 - 1 "I I Annoying I 1 I I 1 Annoying Ex t r  erne 1 y 
0 1 2 3 4 5 6 7 8 9 
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APPENDIX 
Rat ing  Shee t  
Page 1 










N o t  a t  a l l  
Annoying I I I I I I 1 -  f . f  , I
0 1 2 3 4 5 6 7 8 9 
Not at I"--c "+ -1 " . . 1." 1 .  +I 
Annoying 
0 1 2 3 4 5 6 7 8 9 
Not a t  a l l  t 1 1 I ~~ I "-+ I -. I Annoying I l 1 I 
0 1 2 3 4 5 6 7 8 9 
N o t  a t  a l l  
Annoying I = =  r I I '  -~ "I 
0 1 2 3 4 5 6 7 8 9 
N o t  a t  a l l  I I I I I 1 - .. 1. Annoying I 1  I 
0 1 2 3 4 5 6 7 8 9 
Not a t  a l l  
Annoying I f f f I  t I I 1 I 
0 1 2 3 4 5 6 7 8 9 
Not a t  a l l  I I I I I 
Annoying 4 "4 
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Rat ing   Shee t  
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1 2  
13 
1 4  
15 
16 
N o t  a t  a l l  
Annoying 
N o t  a t  a l l  
Annoying 
N o t  a t  a l l  
Annoying 
N o t  a t  a l l  
Annoy i ng 
N o t  a t   a l l  
Annoying 
N o t  a t  a l l  
Annoying 
N o t  a t  a l l  
Annoying 
N o t  a t  a l l  
Annoy i ng 
I .  I -  I I- - ! I. I I I I 
0 1 2 3 4 5 6 7 8 9 
I I I I I 
0 1 2 3 4 5 6 7 8 9 
1- I I "
1 ~ -I"\ -4"- 1 1 1 " 1  
0 1 2 3 4 5 6 7 8 9 
1- t I I I . ~ l  1 4 -* I 
0 1 2 3 4 5 6 7 8 9 
~ - 1  I I I 
0 1 2 3 4 5 6 7 8 9 
I 1  1 1  I t - I  I ~~ 1 I I I I I 
0 1 2 3 4 5 6  7 8 9 
L A " "  f" 4,. 1."". "I- . " I I I 
I 1 .  I I 
0 1 2 3 4 5 6 7 8 9 
I I I I I I I I I 
0 1 2 3 4 5 6 7 8 9 
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Sex 
~. . ." 
Male 
Female 
A l l  s u b j e c t s  
~ ~ 
TABLE I.- TEST SUBJECTS 
_ _  - " - 
Number of 
range  age age p a r t i c i p a n t s  
Age Median Mean 
- ." - 
10 
18 to 56 31 32 32 
21 to 54  33 33 22 
18 to 56 25 29 
~- .. ~ " 
. . .  
1 7  
TABLE 11. - PRESENTATION ORDER OF STIMULI ON TAPES 
Practice tape 
12221 
















21 21 1 
121 21 
12222 
Tape  I1 
221  21 
1221 2 
21 221 
1 21 22 
11211 









11  222 
21111 
~ ~~ 




21 21 1 














A D C B 
T o n a l  c o n t e n t  D u r a t i o n ,   N o m i n a l   F l u c t u a t i o n  I LA, dB I ra te  
I" 1 = N o  t o n e s  (a)  I I 1 = 1 0  1 1  = 7 0  1 l = r L  
12  = S t r o n g   t o n e s  I 2 = 20 I 2 = 85 1 2 = r H  
Tape  I V  
21111 









221 1 2  
11211 
121  22 
21 221 
1221 2 
221  21 
E 
F l u c t u a t i o I  
magni tude  
1 = mL 
2 = mH 
aTime be tween  the  f i r s t  and l a s t  p o i n t s  a t  w h i c h  t h e  n o i s e  
s i g n a l  is 10  dB down from t h e  maximum s o u n d  l e v e l .  
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TABLE 111.- ORDER OF TAPES  PRESENTED 
TO TEST SUBJECTS 
Test- 










Tape  presented  dur ing  














































11  221 

















221  11 
221  12 
221 21 







































































































































































































































































































































































































I St imul i  key 









































































71 . 5  
70.5 






























Nominal Fluctuation Fluctuation 









































































aTime between the f i r s t  and l a s t  p o i n t s  a t  which the noise  s ignal  
is 10 dB down from the maximum sound l e v e l .  
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TABLE V.- ANALYSIS OF VARIANCE 
tonal content; D. duration; L . level; 
R. fluctuation rate; M. fluctuation 
magnitude; S. subjects 1 
Source of variance ! 
T . . . . . . . . . . . . .  
T X S  . . . . . . . . . .  
D . . . . . . . . . . . . .  
D x S  . . . . . . . . . .  
L . . . . . . . . . . . . .  
L X S  . . . . . . . . . .  
R . . . . . . . . . . . . .  
R x S  . . . . . . . . . .  
M . . . . . . . . . . . . .  
M X S  . . . . . . . . . .  
T x D  . . . . . . . . . . .  
T X D X S  . . . . . . . .  
T x L  . . . . . . . . . . .  
T x L x S  . . . . . . . .  
T x R  . . . . . . . . . . .  
T x R x S  . . . . . . . .  
T x M  . . . . . . . . . . .  
T X M X S  . . . . . . . .  
D x L  . . . . . . . . . . .  
D X L X S  . . . . . . . .  
D x R  . . . . . . . . . . .  
D x R x S  . . . . . . . .  
D x M  . . . . . . . . . . .  
D x M X S  . . . . . . . .  
L x R  . . . . . . . . . . .  
L x R x S  . . . . . . . .  
L x M  . . . . . . . . . . .  
L x M x S  . . . . . . . .  
R x M  . . . . . . . . . . .  
R x M x S  . . . . . . . .  
T x D x L  . . . . . . . . .  
T x D x L x S  . . . . . .  
T x D x R  . . . . . . . . .  
T x D x R x S  . . . . . .  
T x D x M  . . . . . . . . .  
T x D x M x S  . . . . . .  
T x L x R  . . . . . . . . .  
T x L x R x S  . . . . . .  
T x L x M  . . . . . . . . .  
T x L x M x S  . . . . . .  
T x R x M  . . . . . . . . .  
T x R x M x S  . . . . . .  
D x L x R  . . . . . . . . .  
D x L x R x S  . . . . . .  
D x L x M  . . . . . . . . .  
D X L x M x S  . . . . . .  
D x R x M  . . . . . . . . .  
D x R x M x S  . . . . . .  
L x R x M  . . . . . . . . .  
L x R x M x S  . . . . . .  
T x D x L x R  . . . . . . .  
T x D x L x R x S  . . . .  
T x D x L x M  . . . . . . .  
T x D x L x M X S  . . . .  
T x D x R x M  . . . . . . .  
T x D x R x M x S  . . . .  
T x L x R X M  . . . . . . .  
T x L x R x M x S  . . . .  
D x L x R x M  . . . . . . .  
D x L x R x M x S  . . . .  
T x D x L x R x M  . . . . .  
T x D x L x R x M x S  . .  
Replications . . . . . . .  
Replications x S . . . .  
Subjects . . . . . . . . .  
Residual . . . . . . . . .  
Total . . . . . .  I 
'ns indicates not significant 
Of I squares 
168.87774 









































































































1237.91 389 992 
12 012.30438 1 2047 









1 . 05062 
0.00532 
38.30860 















1 . 54061 ns 
1.07725 
2.01879  1.82 55"' 
1.10767 I 1.85883 1 1.67193"' 
1.11179 
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s significant at 0.05 level . 
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TABLE VI  .- BREAKDOWN OF  TOTAL  VARIANCE  FOR MAIN EFFECTS 
22 
AND SELECTED INTERACTIONS 
~~~~ ~ -~ ~ 
Source 
~ .~ . . ~~ 
L e v e l ,  L . . . . . . . . . . . 
Dura t ion ,  D . . . . . . . . . 
T o n a l  con ten t ,  T . . . . . . . 
Subjects ,  S . . . . . . . . . 
E r r o r  . . . . . . . . . . . . 
T o n a l  con ten t  and level . . . 
Subjec ts  and level . . . . . . 
T x R x M  . . . . . . . . . .  
T x D x R x M  . . . . . . . .  
T x L x R x M  . . . . . . . .  
R e p l i c a t i o n s  . . . . . . . . 
Fluc tua t ion  magnitude, M . . . 
F l u c t u a t i o n  ra te ,  R . . . . . 
O t h e r  interactions . . . . . . 
T o t a l  . . . . . . . . . . . . ~~ 
~~~~ - 
V a r i a n c e  

















P e r c e n t a g e  of 

















TABLE V I 1 . -  RESULTS OF LINEAR REGRESSIONS OF 
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(b) Time history with 
level fluctuations. 
Figure 1.- Canparison of aircraft-flyover noise  time  history  without  level  fluctuations 
and aircraft-flyover noise time history with level fluctuations. 
L-79-121 
F igure  2.- S u b j e c t s  i n  e x t e r i o r  e f f e c t s  room of t h e  L a n g l e y  a i r c r a f t  





I l l l l J  
25  4063 100 160 250 400 630 1000 1600 2500 4000 
1 1 3 -  octave-band  center  frequency, Hz 





25 40 63 100 I60 250  400  630 1000 1600 2500  4000 
IB- octave- band center frequency, Hz 
(b) Synthesized  noise with no  tonal components;  long  duration. 
Figure 3.- One-third-octave-band spectra of four synthesized  noises at 






- 1 1 1 1 1 1 1 1 1 1  
25  40 63 1 0 0  160  250 400  630 1000 1600  2500 4000 
113- octave-band center frequency, Hz 




25 40 63 100 160  250 400 630 1000 1600 2500  4000 
113- octave-band center frequency, Hz 
(d) Synthesized  noise  with  strong  tonal  components; long duration. 
Fiaure 3 .- Concluded. 
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Noise  level 
relative 
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(b) S y n t h e s i z e d  n o i s e s  w i t h  s t r o n g  t o n e s .  
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Figure 5.- Diagram of level fluctuation apparatus. 
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(c) High rate;  low magnitude. (d) High rate; high magnitude. 
F igu re  6 .- Four f l u c t u a t i o n  p a t t e r n s  (as applied to p i n k  n o i s e ) .  
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(a) No tones;  short duration. 
Figure 7.- Stimuli  time  histories for  each combination  of tone condition, noise 
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(b) No tones; long duration. 
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( c )  Strong  tones;  short  duration. 
Figure 7 .- Continued. 
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(d) S t rong   tones ;   long   dura t ion .  
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Figure 8.- Effects  of  level  fluctuation rate and  level  fluctuation 
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F i g u r e  10.- E f f e c t s  of dura t ion  and  sound pressure  leve l  on  annoyance .  
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